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WIND-TUNNEL INVESTIGATION OF AN N. A. C. A. 23012 AIBFOIL WITH A SLOTTED 

FLAP AND THREE TYPES OF ATJXILLaiY FLAP 

By Carl J. WmrziKOEB and Wiluau K Qajtvaxs 



SUMMARY 

An investigation vxts made in the N. A. O. A. 7- by 
10-foot wind tunnel to determine the aerodynamic section 
characteristics oj an N. A. C. A. 2S012 airfoil with a 
single main slotted flap equipped successively mth av/x- 
iliary flaps of the plain, spUt, and slotted types. A test 
installation was used in which an airfoil of 7-foot span 
was mounted vertically between the upper and the lower 
sides of the closed test section so that tmo-dim&nsional 
flow was approximated. 

On the basis of maximum lift coefficient, low drag at 
moderate and high lift coefficients, and high drag at high 
lift coefficients, the optimum combination of the arrange- 
ments was found to be the double slotted flap. AM the 
auxiliary flaps tested, however, increased the magnitudes 
of the pitching moments over those of the main slotted 
flap alone. 

INTRODUCTION 

Many different types of high-lift device have been 
inrestigated by the N. A. G. A. in an extensive program 
of research for increasing safety in flight. Some of 
these devices are located at the leading edge of the 
wing and others at the trailing edge. One of the most 
promising of the devices is a recently developed arrange- 
ment of slotted trailing-edge flap. This slotted flap 
(reference 1) is capable of giving high maximum lift 
coefficients, low drag at moderate and high lift coeffi- 
cients, and high drag at high lift coefficients. This 
flap therefore appears well suited for improvrog take- 
off and landing characteristics. 

Results of a few preliminaiy tests of a slotted flap 
wi& a smaQ split flap mounted on it (reported also in 
reference 1) indicate that such an arrangement has 
considerable promise as a high-lift device. As a fur- 
ther development in enlargiEig the possibilities of the 
slotted flap, the investigation has been extended to 
include multiple flaps. The present report gives the 
results of an investigation of an airfoil with a medium- 
size main slotted flap combined with each of three 
different types of smaller auxiliary flap: split, plain, 
and slotted. Each combination of the auxiliary flaps 
was tested at a series of deflections for several deflec- 
tions of the main flap. Measurements of lift, drag, 



and pitching moments were made in the 7- by 10-foot 
wind tunnel. 

APPARATUS AND TESTS 

MODELS 

The basic model, or plain airfoil, was buHt to the 
N. A. G. A. 23012 proffie and has a chord of 3 feet and 
a span of 7 feet. The solid nosepieoe was made of 1am- 
iixated mahogany, the ribs and the slot form were of 
pine, and the intermediate section was covered with 
tempered waterproofed waUboard. All the flaps were 
made of wood. 




Fiavss l.-^S«stlaii vinr ol tbe K. A. O. A. 2S0I2 alifofl witli tbe main dotted Sap 

and ttie anxOIary flaps. 

The main slotted flap has a chord 25.66 percent of 
title wing chord Ca/ this flap together with its slot shape 
(flg. 1) is the same as the arrangement designated 2-h 
in reference 1. The flap was mounted on the airfoil 
with three fittings along the span that permitted setting 
the flap at the optimum location for each deflection. 
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The ordinates for this flap and the slot shape are given 
in table I, and the optimum path of the nose of the flap 
for various deflections (from reference 1) is given in 
figure 2 (a). The nose point of the flap is defined as 
the point of tangency of a line dravm normal to the 
airfoil chord and tangent to the leading-edge arc of the 
flap when neutral. 




PcAh of ficp nose 
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(a) Path ol the main dotted flap for varlooa deflacttons on the N. A. 0. A.. 9S012 
eirion. « 
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(b) Patb of tbe auxiliary O.IOCi. slotted flap lor various deflections on the main 
slotted flap. 
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FiovBX 2.— Optlmmn locatlona ot tbe ilotted flaps. 

Two widths of spht flap were tested: one has a chord 
0.05cb and the other a chord 0.10c« (fig. 1). Each of 
these flaps was fastened to the lower surface of the main 
slotted flap by screws and blocks cut to different angles 



for the various flap deflections. The flap hinge axes 
were set in from the trailing edge of the main flap an 
amount-equal to the chord of the split flaps. 

The plain flap has a chord O.lOcu and is formed from 
a portion of the main slotted flap, as shown in figure 1. 
This flap is arranged for locking at various angles, both 
up and down, with respect to the main flap. The gap 
between the plain-flap nose and the main slotted flap 
was sealed with a light grease for all tests to prevent 
leakage of air through the gap. 

The atmliary slotted flap (fig. 1) has a chord 0.10c„; 
the shapes of both the flap and the slot are similar to 
those of the main slotted flap. The ordinates for the 
auxiliary slotted flap and the slot shape are also given 
in table I. This flap was mounted on the main slotted 
flap by special fittinp that allowed the small flap to be 
located at any point over a considerable area with 
respect to the main flap. This arrangement makes it 
possible to determine the optimum locations of the 
small slotted flap for the various deflections investi- 
gated. (See fig, 2(b).) 

TEST INSTALLATION 

The model was moimted in the closed test section of 
the 7- by 10-foot wind tunnel so as to span the ]'et 
completely except for small clearances at each end. 
(See references 1 and 2.) The main airfoil was rigidly 
attached to the balance frame by torque tubes, which 
extended through the upper and the lower sides of the 
tunnel. The angle of attack of the model was set from 
outside the tunnel by rotating the torque tubes with a 
calibrated drive. Approximately two-dimensional flow 
is obtained with this type of iustaliation and the section 
characteristics of the model under test can be deter- 
mined. (See reference 1.) 

TESTS 

All the tests were made at a dynamic pressure of 16.37 
pounds per square foot, corresponding to an air speed of 
about 80 miles per hour at standard sea-level conditions. 
The average test Reynolds Number, based on the airfoil 
chord, was 2,190,000. This test Reynolds Number, 
when converted to an effective Reynolds Number that 
takes account of the tmrbulence in the air stream, is 
3,500,000. (Effective Reynolds Number = average test 
Reynolds NumberXturbulence factor; turbulence factor 
for the tunnel is 1.6.) 

Tests were made of the airfoil with the mam. slotted 
flap first neutral and then deflected various amounts 
along the optimum flap path shown in figure 2 (a). 
Each of the two auxiliary split flaps was next tested 
with deflections of 15°, 30°, 45°, and 60° for various 
deflections of the main slotted flap. Similar tests were 
then made of the auxiliary plain flap in combination 
with the main slotted flap. 
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The auxiliary slotted flap was deflected 10°, 20°, 30°, 
40°, and 50° with, the maiii slotted flap set neutral, 
and smveys were made to determine the optimum 
aujdiiary-flap positions and deflections for maximum 
lift and steep angles of dimb. Surveys were also made 
to determine whether these positions changed with 
deflection of the main slotted flap, but no surveys were 
made to determine whether the optimum path of the 
main slotted flap changed with deflection of the 
auxiliary flap. The optimum path finally chosen for 
the auxiliary slotted flap is shown in figure 2 (b). 

A sufficient number of angles of attack at each of the 
various deflections were investigated to determine 
envelope polars over the complete lift range from zero to 
maximum lift. Lift, drag, and pitching moments were 
measured for all positions of the flaps over the aogle- 
of-attack range tested. No flap hinge moments or 
flap loads were obtained. 

RESULTS AND DISCUSSION 

COEFFICIENTS 

All test results are given in standard section non- 
dimensional coefficient form as follows: 

Ci, section lift coefficient {l/qca). 
Cij, section profile-drag coefficient idojqpa). 
Cmia.e.)o> seotion pitohing-moment coefficient about aero- 
dynamic center of plain airfoil ('n(,„_j|j/2c»*). 

where 

I is section lift. 
da, section profile drag. 
*'*c«.e.)o, section pitching moment. 
2, dynamic pressure (l/2py*). 
Cn, chord of basic airfoil with flap fully retracted. 

and 

5/1 is the setting of main slotted flap with respect 

to airfoil, degrees, 
setting of auxiliary flap with respect to main 

flap, degrees. 
ao, angle of attack for infinite aspect ratio. 

FBECISION 

From, repeat tests, the accidental experimental errors 
in the resiilts presented herein are believed to lie within 
the following limits: 

ctQ ±0.25° 

Ct^ - - ±0.03 

e»te.ej8 -- ±0.003 

Sc,^, ±0.0003 

Sc,.i.o, ±0-0006 



Main-flap angle, 5;^ ±0.3° 

Main-flap position ±0.002c„ 

Auxiliary-flap angle, S/^ ±0.2° 

Auxiliary-flap position ±0.001c„ 

The lift and the drag have been corrected for tunnel- 
wall effects, as explained in reference 1. 

With certain arrangements of the main slotted fliap 
with the auxiliary flap deflected, it was possible to obtain 
two sets of data, both of whi.ch are shown on the curves 
of section aerodynamic characteristics. Because of the 
innumerable possible combinations, the optimum nose 
path determined in reference 1 for the main flap was 
used. The slot opening for a main-flap deflection of 
approximately 30° in combination with some settings 
of the auxiliary flap seems to be critical since most of 
the double readings occurred with this arrangement. 
Undoubtedly, a more stable combination could have 
been found by adjusting the gap of the main flap but 
this procedure would have required more time than was 
available for these tests. 

The profile-drag coefficient of the airfoil-flap 

combinations has not been corrected for the effects of 
the various flap-hinge fittings. !Prom previous tests 
of the airfoil with the main slotted flap (reference 1), 
it was found that the drag of the fittings did not exceed 
0.001. The main-flap fittings used in the present tests 
were smaller than those mentioned and, as the auxiliary- 
flap fittings of the present model were small, it was 
estimated that their drag would not ^ceed 0.001. 

SECTION AEBOOnfAMIC CHABACTEBISTICS 

Main slotted flap. — ^The section aerodynamic charac- 
teristics of the airfoil with only the main slotted flap 
are included as a basis for comparison (fig. 3). The 
present data agree well witii those given in reference 1, 
the chief difference being that the maximum lift is about 
3 percent lower for the model used in these tests. This 
difference may be attributed to the use of an entirely 
different model and to slight differences in the accuracy 
of the flap setting. 

It should be noted that the drag coefficients given for 
all the arrangements with the flap neutral include the 
drag due to the breaks in the wing surface for the slot. 
If this drag increase is considered to be too great, it 
can be eliminated by the use of a door to close the open- 
ings for the flap-neutral condition. (See table II.) 

Airfoil with main slotted fl.ap and auxiliary split 
flaps. — Section aerodynamic characteristios of the air- 
foil with the slotted flap combined with the O.OSca split 
flap are given in flgures 4 to 8; similar data for the air- 
foil with the slotted flap and the O.lOCa split flap are 
given in figures 9 to 13. Envelope polar curves for 
these arrangement are plotted in figures 14 and 15. 
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-.2 O .2 .4 .6 A 1.0 t.2 1.4 1.6 /£ 2.0 2.2 2.4 Z£ 26 3.0 

Section lift coefficient, Cj 

FioUBE S— Section obuacteilstica of tba N. A. O. A. 23012 abfoO with the main glotted flap deflected 10* and the txaSOtij O.Ofie« split flap deflected Tsrfouf amounts. 
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FiaVBE 8.— Seotlcm cbaiacteilstlcs 
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AN N. A. C. A. 23012 AIKFOIL WITH SLOTTED AND ATIXILIAET VhASS 
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FiocBE 14.— Envdspa polar carres for the N. A. 0. A. S3012 aiilbll with tbs main dotted ilap and the anxOlatr COSe. qiUt flap. 
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FlocBE 16.— Envelope polar cuires for the N. A. O. K. 23012 alrtoa urith the main slotted flap and the auxfUaiy O.lOe. split flap. 
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AN N. A. C. A. 23012 AIBFOIL WITE. SLOTTED AND ATJXILIABT FI/APS 
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Fiotmi 22.— Section ehaiacteriitlm of Qie H. A. 0. A., ssoil alrtall vith the malm dotted flap doflected 0* and Vda aoxniat; 0.lOe» slotted flap deflected Tarlous amouati. 
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-.2 0 .2 
FiQVBi M— Seetlon dhanoterlsttcs of tha N. A. 
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The envelope polar curves provide a convenient 
method for the comparison of the lift and the drag char- 
acteristics at various deflections of the combination of 
main and auxiliary flaps. Each envelope curve shows, 
for the combiaation being considered, the lowest drag 
obtainable at a given lift coeflGlcient for a fixed deflection 
of the main flap. Figure 14 indicates that the O.OSco 
split flap will improve the effect of the main slotted flap 
alone for fixed main-flap deflections of 10°, 20°, 30°, and 
40° when the split flap is deflected to give Uft coeffi- 
cients higher than 1.3, 1.6, 2.2, and 2.7. Similarly, 
figure 15 indicates that, for fixed main-flap deflections 
of 10°, 20°, 30°, and 40°, a beneficial effect will be ob- 
tained from file ClOCt, spHt flap when it is deflected 
beyond the corresponding lift coefficients of 1.7, 2.2, 
2.6, and 2.76. 

Airfoil with main slotted flap and auxiliary plain 
flap. — Section aerodynamic characteristics of the airfoil 
with the main slotted flap combined with the O.lQca 
plain flap are given in figxura 18 to 20, and envelope polar 
curves for the combination are plotted in figure 21, 
As for the combination of the slotted flap with the split 
flaps, some benefit is obtained. For fixed main-flap 
deflections of 10°, 20°, 30°, and 40°, figure 21 indicates 
tliat a beneficial effect will be obtained from the 0.10<;„ 
plain flap when it is deflected at lift coefficients beyond 
0.8, 1.95, 2.5, and 2.5, respectively. 
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FlousE 27.— Sffect on section maxImmn-JIft tncrament of various flap aitmcemants 
on the N. A. 0. A. 23012 alrfoa. 



Airfoil with main slotted flap and auxiliary slotted 
flap. — Section aerodynamic characteristics of the ah-foil 
with the main slotted flap combined with the auxiliary 
0.1 OCa slotted flap are given in figures 22, 23, and 24; 
and envelope polar curves for the combination are 
plotted in figure 25. As previously mentioned, some 
preliminary tests were made to determine the optimum 
path of the auxiliary slotted flap for given deflections 
of the main flap; the optimum paths chosen are shown 
in figures 22, 23, and 24. A beneficial effect will be 
obtaiaed from the auxiliary slotted flap for fixed main- 
flap deflections of 20° and 40° when the auxiliary flap 
is deflected at lift coefficients beyond 1.35 and 2.45. 

C0MPABI90N OF THE FLAP ABRANGEMENTS TESTED 

An envelope of each of the series of envelope polar 
curves given in filgures 14, 16, 21, and 25 has been plotted 
for each flap arrangement in figure 26. This figure 
shows that, from lift coefficients of 1.1 up to the stall, 
tihe lift and the drag characteristics of the airfoil wth 
the main slotted flap can be improved by the addition 
of an auxihary flap of the split or slotted type. The 
auxiliary plain flap offers an improvement over only 
two portions of the lift range, between Ci=l,I and 2.45 
and from 2.73 to the stall. The superiority of the main 
slotted flap with the auxiliary slotted flap for high lift 
with low drag, which is very important for take-off 
and steep angles of climb, is immediately evident. 
High lift with high drag for landing purposes could be 
obtained by deflecting the slotted flaps to angles greater 
than 40°. 

The various flap arrangements tested are also com- 
pared in table II. A comparison is made of the profile- 
drag coefficients at several different lift coefficients 
with the corresponding pitching moments and flap 
deflections; in the last two columns are given the ratio 
of lift to drag at maximum lift (an indication of the 
steepest gliding angle avaflable), and the ratio of maxi- 
mum lift to the drag at a lift coefficient of 0.2 (criterion 
of the speed range). The main slotted flap with the 
auxiliary slotted flap also shows up favorably in these 
comparisons, except as regards the pitching moments. 
For nearly all conditions, this combiaation has tlie 
high^t^-pitching moments of the ajrangements tested 
and this characteristic must be given consideration in 
applications to design. 

The effect of the various flap arrangements in in- 
creasing the maximum lift of the airfoil is shown in 
figure 27 where values of the maximum-lift increment 
Aci„^ are plotted against deflections of the auxiliary 
flaps for given deflections of the main slotted flap. 
The superiority of the main slotted flap with the 
auxiliary slotted flap is immediately evident. It will 
be noted that, with the main slotted flap deflected 40° 
^tB setting for c^^) and the auxiliary slotted flap 
deflected 30° or 40°, an increase of 1.46 in the maxi- 
mum lift coefficient is possible. This increase almost 
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doubles the Tn^-gimnTn lift of the airfoil with flaps 
neutral, and stiU. further increases might be expected 
with laxger flaps and thicker airfoil sections. Further 
inyestigation idong these lines is planned. 

CONCLUSIONS 

1. The optiinuni arrangement of the main and the 
auxiliary flap combinations tested is the main slotted 
flap with the auxiliary slotted flap, whioh has more 
favorable characteristics than the single main slotted 
flap on the basis of mfi-iriTmini lift coefficient, low drag 
at moderate and high lift coefficients, and high drag at 
high lift coefficients. 

2. The auxiliary split flap or the auxiliary plain flap 
combined with the main slotted flap slightly improves 
the aerodynamic characteristics of the wing and flap 
combination at high lift coeffidenta. 

3. AH auxiliary flaps tested in combination with the 
wing and the main flap increase the ntiagnitudes of the 
pitching moments over those of the wing and the nuun 
slotted flap alone. 

Langlet Memobiaii Aebonatttical Labobatobt, 
National Advisoet Commttteb foe Aebonattticb, 
Langlbt Field, Va., October SI, 19S8. 
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TABLE I 

ORDINATES FOE FLAP AND SLOT SHAPES 
[Stattoiu and ordloates in penent of aiifoU dund] 



Main slatted flap 


Station 


TTppet 
siuiaw 


liOwer 
surface 


0 

.40 
.72 

Lsa 

2.00 
2.U 
8.02 
G.20 

s.es 

S.4S 
7.78 
S.0S 

laai 

19.60 
20.68 
2SL6a 


-L29 
-.32 
.04 
.81 
1.04 
1.40 
1.94 
2.30 

2.'k" 
2.63 
2.ES 
2:48 
1.8S 
.92 
.11 


-L29 
-2.08 
-2.21 
-2.38 
-3L4I 
-2.41 




—2.18 








-L23 
-.70 
-.13 


Oentet otleadIne«dga an: 
0.91 -Lsg 


Leadlng-edgetadios: OM. 



Oontouiof main 
alot 



Station 


Oidlnats 


72.82 


-1.02 


74.87 


.87 


76.32 


1.78 


77.82 


2.30 


79.32 


2.88 


80.82 


2.82 


82.70 


2.84 



Center of arc: 
86.68 4.67 



Badlns of aro: 
TJI7. 



Aaxil!ar7 dotted flap 




Upper 
soiiace 


Lower 
soiface 


0 

.2S 
.10 
.78 

1 

1.80 
2 

2LS0 
3 

3.80 
4 


-0.43 
.06 
.31 
.49 
.63 
.85 
.99 
1.08 
1.12 
1.12 
LOfi 


-0.43 
-.84 
-.02 
-.98 
-LOO 
-L02 
-LOO 
-.96 






Center otleadlneedgears: 
0143 --Oti 


LeadInB«dceradIus: 0.43. 



Contour of aoxUI- 
aryalot 



Station 


Ordinate 


89.80 


-0.86 


89 


-.48 


90 


.28 


90.80 


.66 


91 


.90 


OLGO 


LOS 


92 


L17 


92.80 


L23 


93 


LIS 


93.23 


L13 



Center of aro: 
8a.8S 1.82 



Badlmotaro: 
3J)6. 



TABLE n 

COMPARISON OF FLAP ARRANGEMENTS TESTED 



0 

LO 
LS 
>L85 



0 

1.0 
L6 
2.0 
2.B 
12L8S 



D 

LO 
L8 
2.0 
2.S 
'2.82 



(deg.) 



(deg.) 



X/^at 



'•(£1=0.2) 



p T.*Tw N. A. 0. A. saou Araroiit 



10.0088 
.017 
.037 
.049 



-0.010 
—.010 
-.010 
-.OIS 



8L62 



178.2 



UAIN SLOTTED 7LAF ALONE 



0 


10.0110 


1.0 


.018 


L6 


.027 


2.0 


.048 


2.S 


.078 


>2.78 


.13 



-0.U0 




0 


-.180 




10 


-.219 




20 


-.288 




20 


-.268 


{ 


20 

30 


-.882 


80 


—.370 




40 



2L0a 



237.4 



WITH APXTTiTABY OUISc. BFLIT 7I<iLI> 



10.0110 
.018 
.027 
.045 
.073 
.16 



-0.010 
—.ISO 



-.306 
-.448 



0 
10 
20 
20 
30 
40 



0 
0 
0 
16 
SO 

a 



17.68 



246^1 



WITH AtrXILIAEY O.lOe, SPLIT FLAP 



I a 0110 

.018 

.027 
.046 
.078 
.17 



-O.010 
-.130 
-.248 
-.283 
-.247 
—.883 
-.428 



0 
10 
20 
20 
20 
80 
40 



0 
0 
0 
0 
0 
0 
30 



16.89 



248.2 





WITH 


AUZILIA 


aYcio 


PLAIN FLAP 


0 

LO 
LG 
S.0 
2.8 
>2L80 


> 0:0114 
.018 
.028 
.042 
.079 
.16 


-0.016 
-.240 
-.280 
-.867 
—.348 
-.402 


0 

20 
20 
80 
30 
40 


0 
0 
0 
0 
0 
20 


17.80 


243.6 




WITH AtrxmcABT 0.10e, 


SLOTTED YCkP 


0 

LO 
LS 
2.0 
2.B 
'3.00 


1 a 0118 

.018 

.m 

.039 
.066 
.17 


-0.020 
-.245 
-.848 
-.424 
—.400 
-.820 


0 
20 
20 
20 
20 
40 


0 
0 
10 
20 
20 
30 


17.34 


280.0 



1 MlnUnnm drag. 



iMaadmamllft. 
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